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[Title of the Invention] 

BRIGHTNESS CORRECTING APPARATUS FOR FED 
[Abstract] 

The present invention relates to a brightness correcting apparatus for a FED (Field 
Emission Display). The brightness correcting apparatus for a FED comprises a display panel 
for which pixels are arranged at intersections of m row lines and n column lines in matrix 
form; brightness detecting means for detecting beam current from the pixels by driving the 
row lines and supplying test voltage to the column lines; brightness control means for 
comparing the detected beam current with a predetermined reference value set on the basis of 
a normal brightness level, and calculating a corrected value; a memory for storing the 
corrected value; and column driving means for driving the column lines by modifying the 
corrected value stored in the memory to an input image. Therefore, by impressing test 



voltage to the display panel, detecting luminescence characteristics of each pixel, calculating 
a corrected value thereof, and modifying the corrected value to every input image data, the 
brightness correcting apparatus for a FED of the present invention enables all pixels to display 
an image at a uniform brightness level, irrespective of non-uniformity of a field emission 
device and non-uniform panel characteristics due to the electrode length. 

[Representative Figure] 
FIG 6 
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SPECIFICATION 

[Title of the Invention] 

Brightness correcting apparatus for FED 

(Brief Description of the Drawings] 

FIG 1 illustrates a related art FED (Field Emission Display). 

FIG 2 is a detailed view of a pixel in FIG 1 . 

FIG 3 diagrammatically illustrates a general voltage/current characteristic curve for driving a 
FED. 

FIG 4 diagrammatically illustrates a case where the shape of emitter tips becomes non- 
uniform during a manufacturing process. 

FIG 5 diagrammatically illustrates a case where the gap between an emitter tip and a gate is 
non-uniform during a manufacturing process. 

FIG 6 illustrates a bright correcting apparatus for a FED according to one embodiment of the 
present invention. 

FIG 7 diagrammatically illustrates a drive voltage supplied to a first column line electrode, a 
beam current detected from a pixel and a corrected drive voltage in a display panel of FIG 6. 
FIG 8 is a flow chart explaining a brightness control procedure for a FED according to one 
embodiment of the present invention. 

* Description of Major Parts of Drawings 

2, 12: row driver 4, 14: column driver 

6: emitter 6a: emitter tip 

8, 22: gate electrode 10: anode 

1 6: beam current detecting unit 1 8: brightness control unit 

1 9: memory 20: Comparer 



[Detailed Description of the Invention] 

[Object of the Invention] 

[Field of the Invention and the prior Art] 

The present invention relates to a flat-panel display, more specifically, to a brightness 
correcting apparatus for a FED (Field Emission Display). 

Recently, many researches on a field emission display (hereinafter it will be referred 
to as "FED") are actively under way to develop a display device having an important role as 
man-machine interface, which not only resolves the large volume and weight problems of the 
existing cathode ray tube (CRT) by providing a thin, light display but also solves the problems 
caused by a narrow angular field of a liquid crystal display (LCD). This FED can be applied 
to almost every type of small/large displays including notebook PCs or projection TVs from 
low resolutions to high resolutions. Like CRTs, FEDs use electron ray-excited phosphor 
luminescence, and concentrate high fields on a radical cathode (i.e., emitter) to emit the 
electrons from the cold cathode according to the quantum-mechanical tunnel effect. The 
electrons emitted from the cathode are accelerated by the voltage applied between the anode 
and the cathode and collide with the phosphor film formed on the anode, thereby emitting a 
visible light. 

FIG 1 illustrates a typical FED panel. As shown in FIG 1 , the FED panel comprises 
a row driver 2 coupled to m row line electrodes Rl through Rm for sequentially enabling each 
of the row line electrodes Rl through Rm, a column driver 4 coupled to n column line 
electrodes CI through Cn for providing pixel data to the column line electrodes CI through 
Cn when the row line electrodes Rl through Rm are enabled, and pixels arranged at 
intersections of the row line electrodes Rl through Rm and the column line electrodes CI 
through Cn. 



Each of the pixels is composed of a cathode 6 which emits electrons towards an 
anode 10 by a voltage of negative polarity supplied from the row driver 2, and a gate 8 for 
emitting electrons towards the anode 10 by a voltage of positive polarity supplied from the 
column driver 4. The cathode 6 has a conical emitter tip 6a whose tip faces the anode 10 to 
reduce an emitted voltage level. The electrons emitted from the emitter tip 6a forms a beam 
current and causes a change in brightness on the screen. 

FIG 3 is a voltage/current characteristic curve for driving the FED. When a voltage 
greater than the threshold voltage Vy is impressed between the emitter tip 6a and the gate 
electrode 8, the current, which determines the electron emission amount from the emitter tip 
6a, increases exponentially to an increase of the voltage. Here, the shape of the emitter tip 
6a, the gap between the emitter tips 6a, and the gap between the emitter tip 6a and the gate 
electrode 8 may be varied non-uniformly during the manufacturing procedure. 

FIGS. 4 and 5 diagrammatical ly illustrate the phenomenon where the shape of the 
emitter tip 6a, the gap between the emitter tips 6a, and the gap between the emitter tip 6a and 
the gate electrode 8 vary non-uniformly during the manufacturing procedure. Referring to 
FIG 4, emitter tips 6a formed in the cathode 6 through the evaporation process by electron 
beams are at different incidence angles from other adjacent emitter tips 6a according to 
incidence angles of the electron beams. That is, although the emitter tip 6a formed in 
perpendicular to the electron beam has a conical shape, the emitter tip 6a formed by the 
electron beam having a large incidence angle is tilted towards the electron beam. Here, the 
electrons emitted from the tilted emitter tip 6a cannot be emitted perpendicularly to the anode, 
but are deflected, thereby causing non-uniform brightness on the screen. Referring to FIG 5, 
each of the emitter tips 6a sometimes has a different height from the others during the 
manufacturing procedure. When the emitter tips 6a have different heights, the gap between 
the emitter tips 6a and the gate electrode 8 also varies by the tip difference. As the different 



shapes of the emitter tips 6a and the non-uniform gap between the emitter tips 6a cause non- 
uniform brightness on the screen, the gap difference between the emitter tips 6a and the gate 
electrode 8 varies the electron emission amount from each emitter tip 6a and causes non^ 
uniform brightness on the screen. Besides these, other kinds of errors that can be generated 
in other manufacturing procedure, such as, voltage drop due to the electrode length, radius of 
curvature of the emitter tip 6a, . aperture difference of a hold formed in the gate electrode 8, 
etc., are causes of the brightness non-uniformity. The brightness non-uniformity deteriorates 
a display quality. Unfortunately, this non-uniformity problem gets worse for large screens, 
and therefore, hinders the development of a large screen FED. 

[Technical Task to Be Achieved by the Invention] 

To resolve the above problems, it is therefore an object of the present invention to 
provide a brightness correcting apparatus for a FED for reducing brightness non-uniformity 
due to a manufacturing error. 

[Construction and Operation of the Invention] 

To achieve the above object, there is provided a brightness correcting apparatus for an 
FED, which includes: a display panel for which pixels are arranged at intersections of m row 
lines and n column lines in matrix form; brightness detecting means for detecting beam 
current from the pixels by driving the row lines and supplying test voltage to the column 
lines; brightness control means for comparing the detected beam current with a predetermined 
reference value set on the basis of a normal brightness level, and calculating a corrected 
value; a memory for storing the corrected value; and column driving means for driving the 
column lines by modifying the corrected value stored in the memory to an input image. 

Additional advantages, objects and features of the invention will become apparent 



through the description which follows in reference to accompanying drawings. 

Preferred embodiments of the present invention will now be described in detail with 
reference to FIGS. 6-8. 

FIG 6 illustrates a brightness correcting apparatus for a FED according to one 
embodiment of the present invention. 

In the configuration shown in FIG 6, the brightness correcting apparatus for a FED of 
the invention includes a row driver 12 coupled to m row line electrodes Rl through Rm, a 
column driver 14 coupled to n column line electrodes CI through Cn, pixels arranged at 
intersections of the row line electrodes Rl through Rm and the column line electrodes CI 
through Cn, a beam current detection unit 16 coupled to the pixels, a brightness control unit 
18 commonly coupled to the beam current detection unit 16 and the column driver 14, and a 
memory 19 commonly coupled to the brightness control unit 18 and the column driver 14. 

The row line electrodes Rl through Rm and the column line electrodes CI through 
Cn are arrayed in a matrix form, and a drive voltage for each of the line electrodes is supplied 
by the row driver 12 and the column driver 14. When the row driver 12 supplies a drive 
voltage to the first row line electrode Rl, and therefore, the row line electrode Rl is enabled, 
column data (pixel data) are provided to each of the column lines CI through Cn during the 
enable period and as a result thereof, electrons are emitted from a corresponding emitter tip. 
In detail, when the drive voltage is impressed to the row line electrodes in sequence from the 
first row line electrode Rl, the second, the third, ... to the m-th row line electrode, column 
data are provided to corresponding column line electrodes during the enable period of the 
corresponding row line electrodes. Here, the fact that row line electrodes Rl through Rm 
are enabled means that a voltage equal to or greater than a threshold voltage Vy is impressed 
to every pixel and thus, electrons can be emitted. The electrons emitted from emitter tips are 
guided towards the anode and used for illuminating phosphor. As such, when row lines are 



enabled by the Row-by-Row method and operate normally, an electronic circuit including the 
anode is formed. In an ideal FED panel, each pixel should deliver a uniform brightness level 
when the same data are provided to each pixel. As aforementioned, however, because of 
non-uniformity of the shape of emitter tips 6a, non-uniformity of the gap between emitter tips 
6a, non-uniformity of the gap difference between the emitter tips 6a and the gate electrode, or 
voltage drop due to the electrode length, each pixel delivers different brightness levels even 
for the same data. Different brightnesses for pixels result in different brightnesses in the row 
lines. In other words, as for the same data, different levels of beam currents flow in the 
column line electrodes CI through Cn. 

The beam current detection unit 16 detects a beam current in each column line CI 
through Cn, provided that each row line electrode is selected every time the row line 
electrodes Rl through Rm are driven sequentially. The brightness control unit 18 compares 
the beam current detected for every row line electrode Rl through Rm with a predetermined 
reference value. And if the detected beam current is greater or less than the reference value, 
the brightness control unit 18 controls the column driver 12 to make the same level of the 
beam current flow in each of the column line electrodes CI through Cn so that an image of 
uniform brightness may be displayed on the screen. To explain this in detail with reference 
to FIG 7, when a test voltage is supplied to the first row line electrode Rl, and therefore, the 
row line electrode Rl is enabled, a column drive voltage (or data voltage) (a) of the same 
level as the test voltage is supplied to the first row line electrode Rl selected. In this case, if 
an ideal panel is used, an anode current with the same value as the column drive voltage will 
flow in the pixels arranged on the first row line electrode Rl. However, in practice, due to 
the non-uniformity property of the panel, different amounts of electrodes are excited from the 
emitter tips 6a to the anode electrode 10, and therefore the amount of the anode current 
flowing in each pixel is different from one another. This is because the threshold voltage Vy 



(turn-on voltage) in FIG 3 is different for each pixel. For instance, suppose that the anode 
current of a pixel is 0.1mA which is the normal level. Among the anode currents detected 
(b) in five pixels, the anode current in the first, the third and the fifth pixel (1,1), (1,3) and 
(1,5) turned out to be the normal 0.1mA, and the anode current in the second pixel (1, 2) was 
1.2mA which is much greater than the normal value. This means that the threshold voltage 
Vy at the second pixel (1, 2) is lower than that of the normal pixel. On the other hand, the 
anode current in the fourth pixel (1,4) was 0.8mA which is lower than the norma! value. 
This means that the threshold voltage Vy at the fourth pixel (1, 4) is higher than that of the 
normal pixel. Therefore, when the first row line electrode Rl has the non-uniform 
brightness variations, the brightness control unit 18 controls the column driver 14 to supply a 
corrected value to the column line electrodes CI through Cn, so that the anode current of the 
normal level may flow in the pixels where anode currents of abnormal levels with respect to 
the detected anode current (b) have been flowing. Here, the corrected value calculated at the 
brightness control unit 1 8 is obtained on the basis of the anode current of the normal level (i.e., 
0.1mA). That is, the brightness control unit 18 calculates a corrected value "0" level for the 
first, third and fifth pixels (1, 1), (1, 3) and (1, 5) and adds it to the detected anode voltage. 
On the other hand, the brightness control unit 18 calculates corrected values of -0.2mA and 
+0.2mA levels for the second and fourth pixels (1, 2) and (1, 4), respectively, and modifies 
them to the detected anode voltage. Thusly calculated corrected values are provided to the 
column driver 14 and stored in the memory 19. The column driver 14 reads out a corrected 
value from the memory 19, modifies or adjusts the corrected value to the column drive 
voltage (data voltage), and provides the result to the column line electrodes CI through Cn. 
In this manner, each of the pixels obtains the anode current of the normal level, and therefore, 
is able to display an image of uniform brightness. 

FIG 8 is a flow chart explaining step by step the brightness correction procedure for 



the FED, in accordance with the present invention. 

At first, a test voltage is supplied to a selected row line electrode (SI). Then, the 
beam current detection unit 16 detects a beam current (anode current) in the selected row line 
electrode, and provides it to the brightness control unit 18 (S2). The brightness control unit 
18 compares the detected beam current with a reference value (which is calculated on the 
basis of a beam current of the normal level) to calculate a corrected value, and stores the 
calculated corrected value in the memory 19 (S3 and S4). The column driver 14 provides a 
final data, which is obtained by adding the corrected value to an input image data, to the 
column line electrodes, thereby displaying an image. 

Therefore, the brightness correcting apparatus for the FED of the present invention 
enables the FED panel to display an image of uniform brightness from each pixel and each 
line, by setting a brightness corrected value once in the initial stage for calculating the 
brightness corrected value, and modifying the permanently stored corrected value to every 
input image data. 

[Effect of the Invention] 

In conclusion, in order to make all pixels show an image of uniform brightness 
against the non-uniformity of a field emission device or the non-uniformity of the panel due 
to the electrode length, the brightness correcting apparatus for the FED of the present 
invention impresses a test voltage to the display panel, detects luminescence characteristics of 
each pixel, calculates a corrected value thereof, and modifies the corrected value to every 
input image data. 

While the invention has been shown and described with reference to certain preferred 
embodiments thereof, it will be understood by those skilled in the art that various changes in 
form and details may be made therein without departing from the spirit and scope of the 



invention as defined by the appended claims. 



[What Is Claimed Is] 

1. A brightness correcting apparatus for a FED (Field Emission Display) characterized 
by comprising: 

a display panel for which pixels are arranged at intersections of m row lines and n 
column lines in matrix form; 

brightness detecting means for detecting beam current from the pixels by driving the 
row lines and supplying test voltage to the column lines; 

brightness control means for comparing the detected beam current with a 
predetermined reference value set on the basis of a normal brightness level, and calculating a 
corrected value; 

a memory for storing the corrected value; and 

column driving means for driving the column lines by modifying the corrected value 
stored in the memory to an input image. 

2. The apparatus according to claim 1, characterized by further comprising a voltage 
supply unit for supplying the test voltage. 
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• • • Pixel 
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• • • Current 

• • ?\foltage 

FIG 4 

• • • ♦ Hectron beam 
FIG 6 

16: Beam current detection unit 
1 8: Brightness control unit 
19: Memory 

• • • Pixel 

FIG 7 

•••••••(••••• ): Column drive voltage (a) (or data voltage) 

• • Golornn driver 

• Selected row line electrode 

• • •••••• Detected anode current (b) 

• • • • Corrected value 

r Corrected drive voltage (a') 



• Golamn driver 

• • • f Selected row line electrode 

■• • • • ? Corrected anode current (d) 

FIG 8 

SI : Supply test voltage. 

S2: Detect beam current. 

S3: Calculate corrected value. 

S4: Store corrected value. 

S5 : Data voltage + corrected value. 

S6: Final display 

• • rEnd 
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£ S^Si o|s|2| oh^h 3^71 a^sicH Ml «J«H 1 S^oj S |^^ac| s@3^ V V o| ?i ^ «c|. o|2f ^o|. x|i. 
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iaa|°j3^(ci M)x| Cn)o|| ggs|£a «ic|. <^7|a) ( fl|o|^(l8)o{|A| 3^2|t ag^S 3y e ||^o| s^(= f 0 .1 
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S.S. S-yo| 2A|i ^ 5icK 



*1l8£ir S ^2j2| 3?liag c|^#al|o|£| fl£ a32| *)|oi^5# ?l£} £A|y jj 0 |cf. 
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